Abstract Aim-To compare the incidence of squamous cell carcinoma (SCC) of the lung in Okinawa with that in Niigata on the mainland. Methods-All patients presenting with SCC ofthe lung in Okinawa and Niigata in 1993 were included in the study. Diagnoses were confirmed by conventional histological examination of paraffin wax sections. Human papillomavirus (HPV) was detected by non-isotopic in situ hybridisation (NISH) and polymerase chain reaction (PCR) amplification with primers specific for the E6 and E7 regions of the HPV genome. PCR products were analysed by Southern and dot blotting. Results-The incidence of well differentiated SCC of the lung was high in patients from Okinawa compared with moderately and poorly differentiated types, and compared with the incidence of SCC in patients from Niigata. This is despite similar patterns of age, sex (predominatly male), and smoking habit. More patients from Okinawa, however, were positive for HPV DNA by PCR (79%) and NISH (53%). Many patients haboured HPV types 6, 16, and 18. Only 30% of patients from Niigata were positive for HPV DNA by PCR and 20% by NISH. These patients all harboured one HPV type only. Conclusion-Surprisingly large numbers ofpatients from Okinawa were positive for HPV DNA. The detection of HPV DNA was strongly associated with well differentiated SCC. This was particularly true for HPV types 6 and 16. There was no correlation between either smoking and detection of HPV DNA, or smoking and histological differentiation. (J Clin Pathol 1996;49:810-817) Keywords: human papillomavirus, in situ hybridisation, PCR, squamous cell carcinoma of the lung.
Lung cancer is the most common cause of death from cancer worldwide. In Okinawa prefecture, a subtropical island in southern Japan, the incidence of lung cancer is the highest of all of the malignant neoplasms' and is also higher than that in other areas of Japan.' Well differentiated squamous cell carcinoma (SCC) of the lung is prevalent in Okinawa,' but is relatively rare on the mainland. Saldana4 reported that well differentiated squamous cell carcinoma (SCC) of the lung was relatively rare in the USA. But in the 1950s well differentiated cases were frequently observed in mainland Japan. Miyajis examined 1152 cases of lung carcinoma throughout the mainland, and reported that in the period 1958-9 there were 72, 20, and 24 cases, respectively, of well, moderately, and poorly differentiated SCC of the lung.
It has been reported that the incidence of carcinoma of the lung closely correlates with a heavy smoking habit, with a lag of between 30 and 40 years. 6 Epidemiologists have provided overwhelming evidence that cigarette smoking is the major cause of lung carcinoma. 7 8 Other environmental agents have also been reported, and many act in concert with cigarette smoking. 6 But the prevalence of smoking in Okinawa, in general, is not particularly high. 9 There is virtually no heavy industry or mining in Okinawa. Investigations into the aetiological factors and the pattern of histological differentiation of lung carcinoma in Okinawa are therefore of vital importance.
Bejui-Thivolet et all' reported that human papillomavirus (HPV) was present in 16% of cases of SCC and squamous metaplasia of the lung by in situ hybridiation. Yousen et al" also studied HPV DNA in 16 cases of SSC of the lung, one of which was positive for HPV 6 and/or 11 DNA, two for 16 and/or 18 DNA, and two for 31 and/or 33 DNA, using commercially available DNA probes for in situ hybridisation. About 60% (by Southern blotting) and 90% (by PCR) of well and moderately differentiated cases of SCC of the head and neck, from North Carolina in the USA, were positive for HPV DNA.'2 A high prevalence (76%) of HPV infection in oral epider. moid carcinomas has also been reported from Taiwan,'3 the nearest neighbour to Okinawa.
To our knowledge there has been no report on the relation between histological differentiation of squamous cell carcinoma of the lung, and on the detection of HPV DNA, especially in subtropical and tropical regions.
Methods
Samples of SCC of the lung (n = 43) were obtained from the National Okinawa Hospital and Ryukyu University Hospital (n = 51). These were all cases of SCC coming to surgery in 1993. Lung carcinoma was classified as follows: adenocarcinoma n = 39; squamous cell carcinoma n = 43; large cell carcinoma n = 3; small cell carcinoma n = 3; adenosquamous carcinoma n = 5; and mucoepidermoid carcinoma n = 1.
We compared these cases with those of mainland Japan (Niigata Prefecture). Okinawa Squamous cell carcinoma of the lung in Okinawa, 3'apan Table 1 Demographic details ofpatients with squamous cell carcinoma of the lungfrom Okinawa   Case  Sex  Age  Location  Stage  Tobacco  Occupation  smoking  (numbersl  days x years)   1  Male  63  Central  I  30 x 44  Farmer  2  Male  82  Central  I  20 x 60  Farmer   3   Male  67  Central  0  20 x 43  Carpenter  4   Male   77  Central  I  20 x 62  Farmer   5  Male  82  Central  I  20 x 60  Farmer  6  Male  69  Central  0  5 x 50  Farmer  7  Male  66  Central  I  ?  Fisherman  8  Female  78  Central  I  ?  ?  9  Male  66  Central  IIIa  20 x 51  ?  10  Male  75  Central  II  30 x 37  Fisherman  11  Male  64  Central  I  10 x 43  Farmer  12  Male  71  Central  I  40 x Most of the patients in the study were farmers or fishermen. There were no miners or heavy industry workers in Okinawa and Niigata (tables 1 and 2).
Ten cases (five from National Okinawa Hospital and five from Ryukyu University Hospital) of adenocarcinoma of the lung (six of bronchioloalveolar type and four of ductal type), and normal necropsy lung samples, six cases of adenosquamous carcinoma of the lung, one each of small cell carcinoma and large cell carcinoma (from National Okinawa Hospital) served as controls, as did cultured HeLa cells (from the Japanese Cancer Research Resource Bank, Setagaya-ku Tokyo, Japan). Distilled water was also used as negative control in the PCR detection of HPV.
HISTOLOGICAL EXAMINATION AND NISH
Samples were fixed in 10% phosphate buffered formalin and examined routinely. The techniques used for sample processing and examination were the same among the three hospitals (National Okinawa Hospital, Ryukyu University Hospital, and Niigata University Hospital). Haematoxylin and eosin, Gomori's silver impregnation, periodic acid Schiff and alcian blue staining were performed on 4 ,um dewaxed sections. The histological specimens were examined by one pathologist (TH).
Non-isotopoic in situ hybridisation (NISH) was performed on all specimens from Okinawa and Niigata. Using HPV 6/11, 16/18, and 31/33/51 biotin labelled probes from the In Niigata the number of well differentiated carcinomas was significantly smaller than that of moderately or poorly differentiated types.
There was a significantly high proportion of cases of well differentiated type in Okinawa (p < 0.00 1) (X' analysis).
Using in situ hybridisation, we found HPV 6/11 in seven of well, and two of moderately, differentiated, squamous cell carcinoma and HPV 16/18 in 13 of well, and eight of Figure 3 HPV DNA detected by non-isotopic in situ hybridisation (Okinawa? NISH signal type 3-that is, both episomal (arrows) and integrated (arrowhea HPV 16, and 1 1 cases (eight of which were well and two moderately differentiated) were positive for HPV 6. HPV 6 DNA was also detected in seven HPV 16 positive cases. A total of 29 cases were positive for HPV 16 and/or 6. Two of the in situ carcinoma cases (stage 0) (cases 3 and 6) were also positive for HPV 16. HPV 18 was shown in 25 Okinawan cases, of which 13 well and seven moderately differentiated cases were dual or triple positive for HPV 6 and/or 16. Only five cases-three well and two moderately differentiated types-were positive for HPV 18 DNA alone. No HPV DNA was detected in two of the poorly differentiated cases and in the 10 cases of adenocarcinoma, 10 normal lung samples, one each of small cell carcinoma, large cell carcinoma, and mucoepidermoid carcinoma, and two adenosquamous carcinoma of the lung. HPV 18 was detected on HeLa cells. HPV 6, 16, and 18 (triple positive) were detected in squamous cell carcinoma regions of adenosquamous carcinoma (four cases).
In Niigata seven cases were just positive for HPV 18, six of which were poorly differentiated carcinomas ( The association between HLA and HPV infection is under discussion.32.35
We conclude, however, that the histological differentiation of squamous cell carcinoma of the lung, especially well differentiated carcinoma in Okinawa, is closely associated with HPV DNA. It is still unclear whether HPV infection occurs before or after the tumour has developed. Two cases of Okinawan in situ carcinoma were positive for HPV DNA. Therefore, HPV might be associated with the early stage of tumour development. Double or triple infection with HPV 6, 16, and 18 might occur after the tumour has developed. HPV 6, a low risk type HPV, might be superimposed on HPV 16 and/or 18 positive cancers and might influence the histological differentiation of the squamous cell carcinoma. Further study of squamous cell carcinoma of the lung and detection of HPV in Okinawa after five, 10, or 20 years may help to elucidate this.
